This work assesses the use of modified natural natrolite zeolite as an adsorptive material for the separation and preconcentration of trace amounts of ions. In this work we investigated the potential of modified natural natrolite zeolite for the simultaneous separation and preconcentration of trace amounts of copper and zinc ions. We have developed a simple, rapid, selective, sensitive and economical method for the simultaneous separation and preconcentration of trace amounts of copper and zinc in an aqueous medium using 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PADAP) as an analytical reagent. The sorption was quantitative in the pH range 7.5 -9.5, whereas quantitative desorption occurred instantaneously with 5.0 mL of 2 mol L -1 nitric acid. Linearity was maintained between 0.05 -6.0 μg mL -1 for copper and 0.02 -1.5 μg mL -1 for zinc in the final solution. Ten replicate determinations of 1.0 μg mL -1 copper and 0.5 μg mL -1 zinc in a mixture gave mean absorbances of 0.1687 and 0.2788 with relative standard deviations of ±1.2% and ±1.3%, respectively. The detection limits were 0.03 ng mL -1 for Cu(II) and 0.006 ng mL -1 for Zn(II) in the original solution (3σbl/m). Different parameters, such as the effect of the pH, flow rate, breakthrough volume and interference of a large number of anions and cations, were studied and the proposed method was used for the determination of these metal ions in water as well as standard samples (e.g. Nippon Keikinzoku Kogyo (NKK) CRM, No. 916 and No. 920 aluminum alloy, National Institute for Environment Studies (NIES) No. 1 pepperbush and NIES No. 2 pond sediment). The determination of these metal ions in standard samples showed that the proposed method has good accuracy (recovery > 97%).
1
Cleanup of analytical samples prior to the determination of various metal ions has been a longstanding problem in chemical analysis. This sample pretreatment has two main goals. The first is to separate the target metal ions from large amounts of salt, organic material, dirt, and other sample substances that cause interference in the analytical measurement step. The second goal is to preconcentrate the metal ions to be determined to the point where their analytical determination is facilitated. For many years liquid-liquid extraction has been a popular method for sample pretreatment. However, difficulties include the frequent formation of emulsions that are slow to break up, impurities introduced by liquid organic solvents, the need to concentrate the organic extract, and air-and water-pollution problems stemming from the use of substantial quantities of organic solvent. The use of solid-phase extraction is an attractive way to avoid many of difficulties associated with liquid-liquid extraction. The uptake of metal ions by an SPE column or membrane tends to be more complete than liquid-liquid extraction because multiple equilibriums occur in the column method. In some instances no organic solvent at all is used in the SPE of metal ions. 2 The properties of SPE materials are listed below: porous, large surface area; 3 reversible adsorption; 4 pure, low leachable; 5 good chemical stability; 4 good surface contact with sample solution; [6] [7] [8] high-percentage recoveries. 2 Zeolites, narrowly defined, are porous crystalline alumino silicates having a uniform pore structure framework comprising [SiO4] 4-and [AlO4] 5-tetrahedral units. T atoms (Si, Al) are joined by an oxygen bridge, thus resulting in the general framework formula (AlO2)x(SiO2)n-x, where n is the number of tetrahedrals per unit cell, and x < n/2. Since aluminum is trivalent, every AlO2 unit carries a negative charge, which is compensated by a positive charge associated with a cation. 9, 10 Due to their unique structure, zeolites and modified zeolites have been utilized for the pollution control of heavy metal ions 11 and organic pollutants 12 as well as catalyst applications, 13 separation processes, 14 solid-phase ion exchange, 15 and ionselective electrode. 16, 17 For solid-phase extraction, various adsorbents, such as activated carbon, 18 adsorption resins, 19 bonded-phase silica, 20 chelating resins, 21 organic materials (e.g. naphthalene), 22 thermal modified kaolinite 23 and analcime zeolite, 24 have been used. In past work we investigated the potential of modified analcime zeolite as an adsorptive material for preconcentration of trace amount of cadmium; 25 in the present work we studied the analytical potential of a modified natural natrolite zeolite as a sorbent material for the solid-phase extraction and preconcentration of trace copper and zinc ions, and have developed a simple, sensitive, rapid, economical and green method for the separation and determination of trace amounts of these ions.
Experimental

Apparatus and reagents
A Varian Model SpectrAA 220 atomic absorption spectrometer was used for measuring Cu(II) and Zn(II) in an air-acetylene flame. The operating conditions were as follows: wavelength, 324.7 nm; lamp current, 4.0 mA; slit width, 0.5 nm for copper. Wavelength, 213.9 nm; lamp current, 5.0 mA; slit width, 1.0 nm for zinc. The acetylene flow was 1.5 L min -1 and the air flow was 3.5 L min -1 for both copper and zinc. A Corning 140 pH meter was employed for all pH measurements. A funnel-tipped glass tube (80 × 10 mm) was used as a column for preconcentration. All glassware and columns were washed with a mixture of concentrated hydrochloric acid and concentrated nitric acid (1:1) before use. All reagents were of analytical reagent grade. Stock solutions of Cu(II) were prepared by dissolving 1.000 g of a copper metal strip (99.99%) (Merck, Germany) in 20 mL of 1:1 nitric acid and diluted to 1 L. The stock solutions of Zn(II) were prepared by dissolving 1.000 g of zinc metal granules 99.99% (Merck, Germany) in 40 mL 1:1 hydrochloric acid and diluting to 1 L. The stock solutions were standardized by known methods given in the literature. 26 Working solutions were prepared by appropriate dilution of the stock solutions. A 0.1% solution of 5-Br-PADAP in ethanol was prepared. Buffer solutions were prepared from 0.5 mol L -1 acetic acid and 0.5 mol L -1 sodium acetate for pH 3 -6, from a 0.1 mol L -1 potassium dihydrogen phosphate solution and a 0.1 mol L -1 disodium hydrogen phosphate solution for pH 6 -8 and from 0.5 mol L -1 ammonia and 0.5 mol L -1 ammonium acetate for pH 8 -11 . Solutions of alkali metal salts (1%) and various metal salts (0.1%) were used to study the interference of anions and cations, respectively. Benzyldimethyltetradecylammonium chloride was dissolved in water to obtain a solution of 0.0001 mol L -1 . Natural natrolite zeolite was collected from Hejin in the Rafsanjan area of Kerman province in Iran. 27 
Preparation of natrolite zeolite
After the purification of natrolite and removing the visible impurity, zeolite was sieved to obtain a particle size of <45 μm (350 mesh) and nitric acid 3 mol L -1 was added to it to remove the cation from natrolite, especially copper and zinc ions, if exiting in the natrolite zeolite. The modification of zeolite was performed as recent work. 25 Then, this form of the adsorbent was dried in an oven at 110˚C and stored in a calcium chloride desiccator until use.
Preparation of modified natrolite zeolite column loaded with 5-Br-PADAP
One gram of the modified natrolite zeolite was added to a funnel-tipped glass tube and treated with an ethanol:hydrochloric acid:water (2:1:1) solution overnight. Then, 2.0 mL of a 0.1% solution of 5-Br-PADAP in ethanol was passed through it at a flow rate of 0.5 mL min -1 . All experiments were performed in a funnel-tipped glass tube (80 × 10 mm) as a column for preconcentration. Before sample loading, the column had to be preconditioned by passing a buffer solution through it. After conditioning, the column could be used repeatedly at least ten times. The recovery for copper and zinc after ten uses of the column was less than 95%.
General procedure
An aliquot of copper and zinc (0.25 -30 μg for copper and 0.1 -7.5 μg for zinc) was taken in a 50 mL beaker. The total volume of the metal ion solution was approximately 30 mL. A 3.0 mL aliquot of buffer solution with pH 8.5 was added. This solution was then passed through the column at a flow rate of 4.0 mL min -1 . Finally, the column was washed with 10 mL of deionized water. The adsorbed metal ions on the column were eluted with 5.0 mL of 2 mol L -1 nitric acid solutions at a flow rate of 1.0 mL min -1 . The eluent was collected in a 5.0 mL volumetric flask. The final solution was aspirated directly into the flame of AAS against a blank prepared in the same manner, but without the addition of metal ions.
Results and Discussion
Preliminary studies with natrolite and modified natrolite zeolites
At first, the potential of the natrolite zeolite for the simultaneous separation and preconcentration of copper and zinc was investigated. In this work we used 5 μg of copper and 2.5 μg of zinc with 5 μg of several other cations that may interfere with the processes; the results showed that the recoveries for copper and zinc ions were less than 50% and 63%, respectively. In other words, unmodified natrolite zeolite is not suitable for the separation and preconcentration of copper and zinc. Next, 5-Br-PADAP reagent was added to zeolite, and then the modified zeolite was studied for the simultaneous separation and preconcentration. The results showed that modified zeolite with 5-Br-PADAP was suitable for the simultaneous separation and preconcentration of copper and zinc (recoveries for 5 μg of copper and 2.5 μg of zinc are more than 96%), but the sorption capacity and linear range for the determination were low. Recent work 27 indicated that the modification of zeolite with a cationic detergent increases the sorption capacity of the zeolite for organic materials. Hence, benzyldimethyltetradecylammonium chloride was added to natrolite zeolite. This detergent increased the adsorption of 5-Br-PADAP reagent; this shows that the sorbent may be used for the simultaneous separation and preconcentration of trace amounts of copper and zinc. The modified natrolite with benzyldimethyltetradecylammonium chloride loaded with 5-Br-PADAP was selective and sensitive for the simultaneous separation and preconcentration of trace amounts of copper and zinc. On the other hand, when modified zeolite with only benzyldimethyltetradecylammonium chloride was evaluated for the simultaneous separation and preconcentration of trace amounts of copper and zinc ions, the results indicated that recoveries for 5 μg of copper and 2.5 μg of zinc ions were less than 58% and 65.5%, respectively. Therefore, this sorbent, like natrolite zeolite (without modification), is not selective and not suitable for separating of these ions.
Reaction conditions
The reaction conditions were investigated with 5 μg of Cu(II) and 2.5 μg of Zn(II), individually. Adsorptions were carried out at different values of the pH, while keeping the other variables constant. It was found that copper and zinc were quantitatively adsorbed on modified zeolite in the pH range 7.5 -9.5. The pH curves are shown in Fig. 1 . In subsequent studies, the pH was maintained at approximately 8.5.
The addition of 1 -6 mL of buffer did not have any effect on the adsorption. Therefore, 3.0 mL of the ammonia-ammonium acetate buffer with pH ∼8.5 was used in all subsequent experiments.
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The volume of the aqueous phase was varied in the range of 50 -1000 mL under the optimum conditions. It was observed that the adsorption was almost constant up to 800 mL of the aqueous phase. However, for convenience, all experiments were carried out with 30 mL of the aqueous phase. A number of eluents were examined for the desorption of metal ions from the column. Organic solvents can be used as eluents, but remove the 5-Br-PADAP reagent from the column. If eluents are acid solutions, the reagent is retained on the column, which allows using the column several times. Preliminary observations indicated that 2 mol L -1 of the HNO3 solution is better than 2 mol L -1 HCl, and that H2SO4 desorbed these metal ions. With nitric acid, copper and zinc were completely desorbed and the 5-Br-PADAP reagent did not leave the column. The concentration of nitric acid was varied from 0.1 to 5 mol L -1 , and it was observed that the optimum recoveries of these ions were obtained in the 2 -5 mol L -1 concentration range. Therefore, 5.0 mL of 2 mol L -1 nitric acid was used in the present work, while the original solution was 800 mL; therefore, the enrichment factor was 160.
The flow rate of the sample was varied from 0.5 to 6.0 mL min -1 , and apparently did not affect the adsorption. A flow rate of 4.0 mL min -1 was recommended in all experiments. The flow rate of the eluent was varied form 0.5 -3.0 mL min -1 . It was found that the desorption was constant for a flow rate in the interval 0.5 -1.0 mL. Therefore, a flow rate of 1.0 mL min -1 was recommended in all experiments.
Calibration and sensitivity
Calibration curves were constructed for the determination of copper and zinc according to the general procedure (Fig. 2) under the optimized conditions. Linearity in the final solution was maintained between 0.05 -6.0 μg mL -1 for copper, and 0.02 -1.5 μg mL -1 for zinc with correlation factors of 0.9999 and 0.9994, respectively. Ten replicates of a mixture containing of 1.0 μg mL -1 copper and 0.5 μg mL -1 zinc in the final solution gave a mean signals of 0.1687 and 0.2788 with relative standard deviations of ±1.2% and ±1.3%, respectively. The detection limits were 0.03 ng mL -1 for Cu(II) and 0.006 ng mL -1 for Zn(II) in the original solution. The sensitivities of 1% absorbance for Cu(II) and Zn(II) were 11 and 6.7 ng mL -1 , respectively.
Sorption capacity of natrolite zeolite for metals
The sorption capacity of the modified natrolite zeolite loaded with 5-Br-PADAP was evaluated. In this case, a column containing 1.0 g of modified natrolite zeolite was used and different volumes of copper and zinc solution (100 ppm) were passed through it until copper and zinc were detected in the solution. The modified natrolite zeolite had a sorption capacity of 0.85 mg of copper and 1.23 mg of zinc per gram of modified natrolite zeolite.
Interference study
Various salts and metal ions were added individually to a solution containing 5.0 μg of Cu(II) and 2.5 μg of Zn(II) ions, and the general procedure was applied. The tolerance limit was set as the concentration of foreign substances required to cause a ±4% error. The obtained results are given in Table 1 . Among the cations and anions examined, except on EDTA, most could be tolerated up to milligram levels; EDTA interfered seriously 851 ANALYTICAL SCIENCES JUNE 2006, VOL. 22 The experimental conditions are the same as in Fig. 1 .
because metal EDTA complexes have higher constants than 5-Br-PADAP. Thus, the proposed method is selective and can be used for the determination of these metals in environmental samples without any prior separation.
Analysis of Cu(II) and Zn(II) ions in pepperbush and pond sediment
The accuracy and applicability of the proposed method have been applied for the determination these ions. We refer to National Institute for Environment Studies (NIES) No. 1 pepperbush and NIES No. 2 pond sediment. A 0.01 g sample was taken in a beaker and dissolved in concentrated nitric acid (~2 mL) by heating; the solution was then cooled, diluted and filtered. The filtrate was diluted to 100 mL with distilled water in a calibrated flask. An aliquot of the sample solution was taken individually and the metal ions were determined by the general procedure. The results are given in Table 2 , which are in good agreement with the certified value.
Determination of copper and zinc in standard alloys
The method was applied for the determination of copper and zinc in the Nippon Keikinzoku Kogyo (NKK) CRM, No. 916 and No. 920 aluminum alloy. A 0.01 gram sample of the standard alloy was dissolved completely in 5 mL of nitric acid (1 + 1) by heating on water-bath; then, 1 mL of 30% (v/v) hydrogen peroxide was added to it. Excess peroxide was decomposed by heating the sample on a water-bath. The solution was cooled, filtered and diluted to 100 mL with distilled water in a standard flask. An aliquot (2 mL) of this sample was taken in a 20 mL beaker, and the general procedure was applied. The obtained results are given in Table 3 . These results are in agreement with certified values; the proposed method clearly results in good accuracy.
Analysis of Cu(II) and Zn(II) ions in water samples
The proposed method was applied to the determination of copper and zinc in water samples. A 80.0 mL sample of natural water was adjusted to pH 1 with nitric acid and filtered to remove any suspended material. Then, 3.0 mL of a buffer with pH ~8.5 was added, and the resultant product was diluted to 100 mL in a standard flask. This solution was passed through a column and analyzed by a general procedure. The results were compared with those obtained by graphite furnace atomic absorption spectrometry (Table 4) .
Conclusion
The main advantages of this procedure are: (I) Natural natrolite zeolite is very cheap; (II) The preparation of the extractor system is simple and fast; (III) During the desorption of cations, the 5-Br-PADAP reagent remains in the modified zeolite; this allows using the column ten times; (IV) A good enrichment factor (160) can be achieved. The achieved recovery (measured by standard addition technique) shows that the proposed procedure is fairly accurate. The proposed procedure was applied for copper and zinc determination in various samples. 5-Br-PADAP reagent is fairly sensitive and selective for cadmium and zinc, but its sensitivity and selectivity may be improved with preconcentration and atomic absorption spectrometry. The determination of the copper and zinc ions in standard samples also showed that the proposed procedure is 852 ANALYTICAL SCIENCES JUNE 2006, VOL. 22 reasonably accurate, and hence can be applied to the determination of copper and zinc in various samples.
